CyanoBase (http://www.kazusa.or.jp/cyano/ ) is a database containing genomic information on the cyanobacterium Synechocystis sp. strain PCC6803. It furnishes an annotation to each of the 3168 protein genes deduced from the entire nucleotide sequence of this genome. Information on the genome can be directly accessed through three different menus: a clickable physical map of the genome, a gene classification list, and a keyword search menu, all of which are accessible from the main page of the database. The entry page for a gene annotation contains the following information: the location of the gene on the genome, the nucleotide and deduced amino acid sequence of the gene, the result of a similarity search, and the classification of the deduced gene product according to its function. This page has reverse-links to the local physical map and gene classification list so that relevant genes can be searched in terms of their location on the genome and their function. In addition, the main page of CyanoBase provides engines for similarity searches between a query sequence and the entire genome sequence and for keyword searches, in addition to numerous links to pages containing related information.
INTRODUCTION
Cyanobacteria are prokaryotic microorganisms which carry a complete set of genes for oxygenic photosynthesis. Since their apparatus for photosynthesis resembles that of plants, they have been used as model organisms by many scientists to investigate the structure and function of plant-type photosynthesis. Cyanobacteria are also interesting organisms from an evolutionary viewpoint because they are believed to be of ancient origin and to have survived a number of major changes in the earth's environment. Moreover, it is widely held that plant chloroplasts evolved from cyanobacterial ancestors that had developed an endosymbiotic relationship with eukaryotic host cells. Synechocystis sp. strain PCC6803 is a unicellular cyanobacterium. It has been widely used for the study of the mechanism of photosynthesis because this strain has the ability to grow both photoautotrophically and photoheterotrophically (reviewed in 1), allowing disruption of the photosynthetic protein genes without lethality.
In order to determine all the genomic information of this organism, we initiated a genomic sequencing project and a web *To whom correspondence should be addressed. Tel: +81 438 52 3935; Fax: +81 438 52 3934; Email: ynakamu@kazusa.or.jp (4), we developed the current version of CyanoBase, which contains annotations for 3168 potential protein genes. The aim of this database is to provide detailed information on potential protein genes using a user-friendly interface, including Java clickable genome maps and a hypertext classification list. We will continue to update the database by posting new information as it becomes available.
CONTENTS

Entrance from the main page
The URL of CyanoBase is http://www.kazusa.or.jp/cyano/ (Fig. 1 ).
Each potential gene assigned to the Synechocystis genome has a standard name for identification, as described previously (4) . The standard name consists of a three-letter code where the first letter represents the species name (s: Synechocystis), the second, the length and/or the method of identification of the open reading frame (ORF) [l: longer than 300 bp, s: 150-297 bp, m: shorter than 150 bp, g: a gene predicted only by the computer program GenMark (5)], and the third, the reading direction (l or r: leftward or rightward). The three letter code is followed by a four-digit number. The standard name has been added to each CDS in flat files of the DDBJ/EMBL/GenBank databases according to the format '/note=standard_name:' tag, and all the genes are represented by their standard names in CyanoBase.
The annotation for each gene can be accessed through three menus on the main page of CyanoBase.
Physical maps of the genome. Map Image I and II show restriction maps of the circular genome (6) in Java and GIF formats, Table 1 . Summary of the classification of the genes on the genome of Synechocystis sp. strain PCC6803. The function of each gene was predicted through sequence comparison with genes of known function respectively. When a given position on the map is clicked, a local map covering the corresponding 90 kb area appears (Fig. 2) . In each local map, the positions of the cosmid and lambda phage clones used for sequence determination, and the long-PCR products used to close gaps between clones are shown by blue bars, and the assigned protein genes are designated by colorcoded boxes under the bars. Each bar and box provides a link to detailed information on the corresponding clone or gene, as described in the next section.
Gene category list. 1864 genes out of the 3168 potential protein genes assigned to the Synechocystis genome showed similarity to sequences already registered in the public DNA or protein databases. These genes have been classified according to their predicted biological function (3,4), as summarized in Table 1 . On the web page, a table of gene classification is presented in a hierarchical manner, with a link to the annotation to each gene (Fig. 3) .
Keyword-Search.
A keyword search box is provided to allow a search for information about the gene. This is achieved by either submitting the gene name (a three-letter genetic name), the name of the gene product, or a standard name.
Annotation-information on predicted protein genes
A sample image of an annotation page to a potential protein gene is shown in Figure 4 .
Location. Nucleotide positions of the initiation and termination points of a coding region and the coding direction on the physical map are indicated. A reverse-link to a linear physical map is provided which enables users to obtain information about genes in adjacent regions.
Sequence retrieval links.
Both the nucleotide and amino acid sequences of a gene can be obtained through the links. For nucleotide sequence information, two input boxes are provided to allow specification of the initiation and termination positions of the sequence to be retrieved. The positions of the first and the last nucleotides of a coding region are given as default numbers.
Results of similarity searches. A link to the results of a Smith-Waterman search for each sequence in the protein sequence database (MPSRCH result) and summary information on the most similar sequence are provided.
Classification. The gene category to which a gene of interest belongs is presented in a hierarchical manner. A link to a gene Links. This is a link to the nucleotide sequences that have been submitted to the international DNA databases. Since 3 573 470 bp of consecutive sequence exceeds the size limit set for a single LOCUS in the international DNA databases, the sequence was divided into 27 files and each file was separately registered. Information can be obtained for each entry through the DBGET integrated database retrieval system on the GenomeNet WWW Server. (iv) Bibliography. This provides information on related publications through links to the PubMed publication search service at NCBI/NLM.
IMPLEMENTATION
Map interfaces and the presentation of the annotation to each gene were implemented in the JMGD system with the Sybase SQL server system 11 as a DBMS. JMGD was developed by N.M. and is available from http://www.kazusa.or.jp/jmgd/ . The package includes the Java source codes and a set of perl scripts. The ACeDB database file which is the core portion of CyanoBase was prepared separately. The data for ACeDB can also be obtained through our anonymous ftp server.
